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Abstract Multiple-input multiple-output (MIMO) wireless communication provides a
number of advantages over traditional single-input single-output (SISO) approaches,
including increased data rates for a given total transmit power and improved
robustness to interference. Many of these advantages depend strongly upon the
details of the receiver implementation. For practical communication systems a
competition between communication performance and computational complexity
exists. To reduce computation complexity, suboptimal receivers are commonly
employed. In this paper, the details of a variety of receivers are incorporated into
the effects of the channel so that information-theoretic performance bounds can
be exploited to evaluate receiver approaches. The performance of these receivers
is investigated for a range of environments. Two classes of environments are
considered: first, channel complexity, characterized by the shape of the narrowband
channel-matrix singular-value distribution, and second, external interference.
Receiver approaches include minimum-mean-squared error, minimum interference,
and multichannel multiuser detection (MCMUD), given various assumed limitations
on channel and interference estimation. Receiver performance implications are also
demonstrated using experimental data.
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MIMO Communication
Multiple-Input Multiple-Output
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MIMO Communication
Multiple-Input Multiple-Output
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The Channel Matrix
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Channel Complexity Parameterization

* Gaussian channel matrix, G

* Simulate more realistic eigenvalue distributions by
introducing spatial correlation
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Adaptive Beamforming Receivers
Suboptimal

Beamformer Outputs
7 = WI(HZ + i)

W = (’lﬁl ’Ujg ST flﬁnq,)

Minimum Mean Squared Error

Transmit R : =51
eceive —2MMSE Lo T 5
Array Array w,, X QI + R + EHH i
] D f Known
ammer .
! , Minimum Interference

- . . Standard| @' x Py hn
Spatial Adaptive Processing MIMO 4

= Receiver| Py =1In, —Hy( LHR)*HL
Y 4(2 > H= ('Ll Hl)
Fo = > \
. O O >
: || & © - it
Y © &= SMI e { PO__T}
T D Beamformer w, * o mineigenvecs R+ —H, H,,
<o For Each T
O L~ Transmitter

MIT Lincoln Laboratory <=

mimoNTI-10
bliss



Multi-Channel Multi-User Detection (MCMUD)
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Information Theoretic Capacity
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Beamformer Receiver Extension to
Information Theoretic Bounds
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Performance Comparison
Benign Environment (No Interference)
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Performance Comparison
Function of Channel Complexity
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Performance Comparison
Effects of Interference
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Performance Comparison
Effects of Jammer

Performance Comparison
25 dB JNR Jammer

= 1 MMCE — i
- 'g 0.5 VIV
(@) ——— | Ectimate T
Q_ Lo LUITIIaAaALCS /
-§,8 gi bl Interferencs
Transmit Receive @ 2 0.05 e — N
Array Array L = .02 Blind to
S 0°01 \,Interference
. . Structure
104 | 20 30 40
Standard MIMO g "Can SISO SNR
Receiver T ance Comparison
> 1 B SNR e =
* Significant losses for both Ml 5 8 Js3 Mi
and MMSE over most SNR EE g-f Vv e
* Terrible performance for 3T 0.05 S
» ' — Blind t N
receivers that are blind to = 0.02 int;}'%;?ér?ce/? NN MMSE
interference structure O 0.01 — straciure M \C

-10 ©0 10 20 30 40
Jammer JNR (dB)

MIT Lincoln Laboratory <=

mimoNTI-19
bliss



* Investigate channel
phenomenology

e Study space-time coding

* Explore transmitter
coherence requirements

* Demonstrate robustness to
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— Cochannel interference
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4x4 MIMO Performance
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Summary
* Presented overview of robust MIMO communication

* Introduced bounds for variety of MIMO receivers
— MMSE
— M
— MCMUD

e MCMUD advantage significant in many
environments

— Spatially correlated channels (rate improvement > 70)
— Interference (rate improvement > 5)
— Jamming (rate improvement > 1000)

* Demonstrated experimental MCMUD immunity to
jamming
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Experimental Results
Successive MCMUD lterations
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Channel Modes
Experimental Results
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Adaptive Beamforming in Multipath
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Notional Multiuser Detection
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